Background: Numerous predatory insects were recorded on different plants; some were fed on the floral nectar and others as visitors. Other insects used any plant as a shelter or associated with their prey. Pollinators and beneficial arthropods suffering from a wide range of chemical pesticides are used. So, seeking for safer alternatives is mandatory to conserve such beneficial arthropods. Sorell-98% is a sulphur formulation which was examined against some insect predators with minimal adverse impacts. Method: Agricultural Sorell-98% (commercial Sulphur formulation) was applied to protect many crops against some plant diseases and sucking insect pests (aphis, whiteflies, thrips) and mite pests as well. This formulation was applied at a rate of 30 kg/Feddan after 30 days of plantation. Two rectangular areas (ca. 700 m 2 each) were chosen to execute experiments. The first area was in a field which was sown with marrow plant, while the second was in an okra field. Each area was partitioned into four equal plots (ca. 75 m
Background
The application of synthetic pesticides has caused a threat to non-target organisms and the environment due to their overuse (Savary et al. 2006) . Since the release of xenobiotic results in the increase of environmental risk, the goal should be to use such compounds carefully so that they cause the least negative impact on the environment (Savary et al. 2012 ) into which they are released. To remove harmful effects on the non-target organisms, encapsulation of the active ingredient with other materials such as a polymer can allow sensitive ingredients to be physically enveloped into a protective matrix in order to protect core materials from adverse reactions due to factors like air or light (Madhuban et al. 2012) .
Several studies have shown negative effects of sulphur on natural enemies including predators, parasitoids, and predatory mites. Sulphur as a natural material and its commercial formulations are now using to control many plant diseases and some piercing-sucking insect pests Numerous predatory and parasitoid insects were recorded on different plants, and many of them fed on the exposed floral nectar; others used any plant as a shelter or were associated with their prey (Bugg et al. 1987 , Finch and Collier 2000 , Sunderland and Samu 2000 .
Pollinators and beneficial arthropods suffering from the wide range of chemical pesticides are used (Cohen et al. 1996; Araya et al. 1997b; Kumar and Singh 2002; Newman et al. 2004; Linda 2012) . Seeking for safer alternatives is mandatory to conserve these beneficial arthropods. Several studies have shown the negative effects of sulphur application on natural enemies including parasitoids, predatory mites, and spiders (Martinson et al. 2001; Gent et al. 2009; Nash et al. 2010) .
Sulphur as a natural material and its commercial formulations as well are now used to control many plant diseases, insect pests, and some piercing-sucking insect pests (Cohen et al. 1996; Araya et al. 1997a, b; Singh 2002, Biondi et al., 2012) .
Many sulphur formulations were applied to protect plants and to control some insect pests (Wetzel and Dickler 1994; Newman et al. 2004) . Sorell-98% is one of the sulphur formulation which was applied according to the Egyptian Ministry of Agriculture recommendations. This formulation was examined against some insect predators with minimal adverse impacts toward these tested natural enemies (Matter et al. 2018 and Matter et al. 2019 .
This work is to investigate the following: (1) Do diversity of plants influence the population fluctuation of the three tested insect predators? (2) How far are these two different tested factors in combination with the tested formulation induced adverse effects on the density and abundance of the three natural enemies, Coccinella undecimpunctata, Chrysoperla carnae, and Stethorus punctillium naturally existing in fields of okra (Hibiscus esculentus L.) and marrow (Cucurbita pepo L.)? Methods 1-Randomized complete block design was applied for this experiment. 2-Sorell-98% (trade name of Sulphur formulation) was manufactured by Kafr El-Zayat Co. and was applied in okra and marrow fields at the rate of 30 kg/Feddan 30 days post plantation against some plant diseases (rusts, mildew, powdery mildew, etc) and sucking insect pests (whiteflies, leafhoppers, aphids, plant bugs) and mites. 3-Dusting of sulphur was carried out using Chapin 5000 16-Ounce Hand Rose and Plant Duster Sprayer -Model #5000 duster 30 days post sowing. 4-Field experiments were carried out (as described by Gesraha and Ebeid 2019 and Matter et al. 2018 , 2019 in two separate fields already planted, one for marrow and the other for okra plants in Manawat village, at Giza Governorate. All agricultural practices were carried out as usual. Just before sulphur formulation was applied (as Ministry of Agriculture recommendations), two rectangular sections (ca. 700 m 2 each) were chosen in each field. Each section was divided longitudinally into two equivalent parts (first part of them for treatment and the second part as a control adjacent to the treated one), each of them comprises six rows, and each part was partitioned into four plots about 75 m 2 each. Similar plots (third area) were prepared, but no treatments were made (second control area). Surveying the mean numbers of the objective natural enemies in the target territories was recorded at several intervals (just before dusting, 2, 12, 24, 48, and 72 hours and 7 days post application) was accomplished early in the morning (7 am). Samples of 50 plants were inspected-on spot-per plot per time interval in the three tested zones. The average number of each natural enemy/ time interval and the percentage of increase and/or decrease were calculated.
Statistical analysis
MSTAT-C Statistical Package (Freed, 1985) Computer program was used. Analysis of variance (ANOVA) F-test was applied. Randomized complete block design for factor A, with factor B as a split plot on A and factor C as a split plot on B. Least significant difference test (LSD) was carried out for mean differentiation.
Factorial ANOVA for the factors is as follows: Table 1 reveal that-in case of tested factor A (tested plants)-the abundance of the target predators was affected with different cultivated plants after sulphur application (0 h), that is a direct result of the idea of the plant and consequently the population of pests invaded. At all inspection times, it was observed that the abundance of adult predators on Marrow plants was more than that reported in the okra field. The same result was observed at all inspection times (Table 1 ). In the case of time effect post application, the target predators were affected with sulphur application (Table 1) factor B (predators), it was observed that, under all inspection times, there was a significant difference between the mean numbers of recorded predators, where Stethorus predator recorded the least mean number, either before or after sulphur application, indicating that this predator was scarce or more susceptible to sulphur application than the others. Chrysoperla adults' mean numbers were ranked the second. Lastly, Coccinella adults recorded the highest mean number of adults, almost at all inspection intervals (Table 1) .
Results

Data in
As for factor C (plot treatments), examining the reaction of adult predators towards sulphur application, the mean number of adults recorded at treated plots was significantly lower than that for control plots, except that recoded at 0 h. Statistically, there was insignificant difference between them (Table 1 ). In addition, it was observed that at 2 and 168 h post application, a significant difference between the mean numbers of recorded adults for the three treatments was occurred, where the other inspection intervals clarify that insignificant difference exists between untreated plots of the first and second area (Table 1) .
Regarding to the interaction (Plants*Predators) effects of the chosen plants upon the tested predator's abundance after sulphur application (Table 2 ), significant differences were observed at all inspection periods between the mean numbers of the target predators. Generally, marrow field attains the highest mean number of adult predators than that of okra. The higher mean number of adults lacewing achieved in marrow field across all inspection time followed by Coccinella adults either in Marrow or Okra fields.
Stethorus adults recorded the lowest mean number under both examined plants ( Table 2) . As for the interaction (Plants*Treatments) between the tested plants and treated and untreated plots on the abundance of examined predators adults, it was found that almost all inspection interval achieved significant differences except that of 0 h (before application) and 168 h (1 week post application) where insignificant differences were recorded (Table 3) . On another view, the mean number of recorded adults at the untreated second zone was higher than that of others, and those recorded from the marrow fields, in general, was higher than that of okra fields across all inspection intervals (Table 3) .
Data illustrated in Table 4 shows the impact of interaction effects of sulphur treatments on the abundance of the tested adult predators (Predators*Treatments). It was noticed that all inspection intervals achieved significant differences between the mean numbers of adult predators, except that for 0-h interval, as usual, which was insignificant (F = 0.960). Generally, Stethorus recorded the most minimal mean number of adults, which was statistically negligible, regardless of the mean numbers of the other two predators for the three assessed plots.
Almost in all inspection intervals, Coccinella adults recorded the highest mean numbers, pursued by lacewing adults. Moreover, the untreated second territories recorded the most remarkable number of adults, especially in the case of Coccinella adults, then followed by the untreated plots adjacent to the treated one (control) then treated plots, which were recorded the lowest mean numbers of adult predators (Table 4) .
Regarding the interaction effects between all factors together (Plants*Predators*Treatments) and their impact on the adult predators'abundance, data could be summarized in Table 5 . As frequent of this experiment, 0-h interval exhibit insignificant differences (F = 0.668) between tested factors and mean numbers of recorded adult predators. While all other check-up intervals reflect significant differences between the abundance of adult predators' according to the tested factors. Although there were some differences between the recorded mean numbers of adult predators at 0-h interval, but these differences were statistically insignificant (Table 5) .
Otherwise, the rest of all inspection period intervals exhibited highly significant difference between predators abundance as a result of all examined factors together. Generally, marrow fields comprised the highest mean number of adult predators, where Chrysoperla ranked the first, and Coccinella was the second, while Stethorus was ranked third, which record the least mean numbers (Table 5) .
After 2, 12, and 24 h of sulphur application, the mean numbers of Chrysoperla adults recorded was the highest in untreated second area plots. Then after 48, 72, and 168 h additionally, the recorded mean number was the most elevated at untreated plots contiguous the treated one.
Adults of C. undicempunctata records the most superior mean numbers just at 24 and 48 h post treatment for the second untreated region of marrow field.
Generally, marrow field comprised higher mean numbers of the target predators than okra field. The mean numbers of Chrysoperla in marrow field ranged between 15.50 and 33.00 individuals, while Coccinella ranged from 25.50 to 30.00 individuals, across all inspection periods. The corresponding figure for okra field ranged from 0.25 to 8.75 and 3.25 to 22.25 individuals, for Chrysoperla and Coccinella, respectively. Stethorus adults' mean numbers were ranged between 0.00 to 8.75 and 0.25 to 8.75 individuals for marrow and okra fields, respectively (Table 5) . From the abovementioned data, it was observed that Coccinella adults were more abundance for either marrow or okra fields throughout our experiment, regardless of different tested factors, followed by Chrysoperla while Stethorus adults nearly were the same (Table 5) .
In other view, Table 5 showed that the highest recorded mean number ["a" green colour] was recorded in untreated second area and control plots, especially in marrow field for Chrysoperla throughout almost all inspection intervals; then followed by the recorded mean number ["b" yellow colour] for untreated second area for Coccinella in marrow field too. Then the recorded mean number for Coccinella (21.25 and 16.50 at 24 and 48 h post treatment, respectively). After that, most of all recorded numbers were somewhat near to each other throughout all inspection intervals.
On the other side, Stethorus recorded the least mean numbers when compared with the two other predators in all treated and/or untreated plots throughout all inspection intervals either in okra or marrow fields.
Discussion
The present work shed light on sulphur application impacts upon the three important predators, which were naturally prevailing in okra and marrow fields. The differences in the recorded mean numbers of adult predators not only referred to sulphur application, but also to the many other factors (Ali et al. 2007 ; Al-Dahawi et al. Haddad et al. 2009 Haddad et al. , 2011 Johnson et al. 2006 Johnson et al. , 2009 Schmitz 2006) . They reported that the developmental stage of insect pests and the elements of the leaf contents and its concentrations are responsible for making a certain plant more favourable than another for insect pests feeding, and these findings were in accordance with our results about the diverse predator mean numbers prevailing in okra and/or marrow plants as associated predators of different insect pests. In addition, our results about the abundance of predators adults on either okra or marrow plants were partially matched with that reported by Mooney and Agrawal (2008) when they work on Milkweed genotype; they mentioned that little information is known about the mechanisms by which plant genotype configure the arthropod community structure. They referred that to many different factors including pest species, climatic conditions, the associated predatory arthropods existing, the plant age, and lastly plant sap and its favourability by insect pest for feeding, consequently the abundance of its associated predatory arthropod.
Our findings matched with Chakraborty et al. (2014) and Bhatt et al. (2018) on their survey on okra fields. They mentioned that there was a diversity of insect pests and their predators, naturally occurring. These predators are belonging to different Orders especially Coleopteran, Orthoptera, Neuroptera Lepidoptera, Hemiptera, and Dictyoptera.
Our results revealed that the three examined adult predators were somewhat suffering from the sulphur application. Adult predators escaping from treated plants into other clean plants are either adjacent to the treated plots or moves to other far plants. This result was in agreement with that reported by Matter et al. (2018 Matter et al. ( , 2019 and Gesraha and Ebeid (2019) .
In addition, results explain that the difference between the sprayed tested plants was significantly affected by the mean numbers of the recorded predatory adults. Where marrow plant was heavily invaded by different insect and/or mite pests consequently comprised a large number of different examined predators, these findings agreed with that reported by Matter et al. (2018 Matter et al. ( , 2019 and Gesraha and Ebeid (2019) .
Conclusion
It could be concluded that the abundance of any arthropod predators is strongly associated with their preferable insect pest (prey) and did not relate to a certain plant by itself (Tables 3 and 5 ). The three tested adult predators were-to some extent-suffering from the sulphur application as shown in Tables 3, 4 , and 5. It was obvious that adult predators escaping from treated plants into other clean plants are either adjacent to the treated plots or travel to other plants to avoid the adverse effect of sulphur formulation, i.e. sulphur formulation act as repellents for the tested adult predators. In addition, sulphur formulation may be toxic for the adult predators if it contacts them. Adult predators start to return back again after different periods according to its capability to resist the sulphur residues and re-established once more.
We recommended that sulphur (in any formulation) must be applied with high restrictions, either as fertilizer or as a pesticide, to preserve the wildlife of arthropod pollinators and mites and/or insect predators.
